Abstract -We analysed the sex ratio of 32 macrolepidopteran species caught by Hungarian forestry light traps. That the ratio of males and females collected by light trap varies by species has been known for decades; however, the sex ratio found in the natural population is not known. All 32 species were processed separately, but by the same method. Both males and females were counted throughout the whole swarming. We calculated these figures and inspected the difference in the level of significance with the χ 2 test. For each swarming we calculated the percentage of males and females. We also calculated the values of the variation coefficients, which express the deviations in average percentages.
INTRODUCTION
That the proportion of males and females captured by light trap varies by species has been known for decades; however the sex ratio within the natural population is unknown.
Within the various orders of insects, Williams (1939) studied the sex ratio by species of the specimens caught. Of the 51 species of the Noctuidae family, the females of 2 species were not attracted to light at all. The females of 27 species represented 1-20% of the total number of specimens: this ratio was 20-46% with 16 species: the number of males and females was identical in the case of 3 species and there were only 3 species where more females than males were attracted to light. There is also a behavioural dimorphism: in 2 samples of 37 individuals of ghost moth (Hepialus humuli L.) only 22% males flew to light traps even though sweep net samples gave an approximately 50:50 sex-ratio (Williams 1939) . According to Mallet (1984) , in the case of Hepialus humuli L. more females than males are attracted to light, which suggests that the females are the more mobile gender. Nanu -König (1968) examined 13 Lepidoptera families to establish the ratio of males and females attracted by light. The females of the various families represented 0.2-30% of the catch. Schurr (1971) captured mostly male specimens of the vine moth (Eupoecilia ambiguella Hbn.) with his trap running on white light (of 510-610 nm). Járfás et al. (1974) used different sources of light to study the sex ratio of the turnip moth (Agrotis segetum Den. et Schiff.) . Whatever the light source, the proportion of males was between 48-66%. Czencz (1973) holds that the males of the diamondback moth (Plutella xylostella L.) are more drawn to light than the females (75-25%). She does not provide any explanation for this, however. Bürgés -Gál (1980) , with a 125W mercury light trap, found that with the nut fruit tortrix (Cydia splendana Hbn.), males appear 3-4 days earlier than females. The male to female ratio is 1.9:1. This was almost the same as the male to female ratio of the European chestnut weevil (Curculio elephas Gyllenhal), which was 1.83:1.
Egyptian Bollworm (Earias insulana Boisduval) moths were collected by Yathom (1981) from mercury vapour light traps operating in Israel between 1974 and 1980. He concludes that the sex ratio generally favoured males. El-Abdullah et al. (1984) report on a mere 10% of the trapped specimens of the Asiatic rice borer (Cilo suppressalis Walker) being males. Skuhravý et al. (1993) caught male specimens of the saddle gall midge (Haplodiplosis marginata von Roser) almost exclusively, both with a Minnesota-type and a UV light trap. Itämies et al. (1986) employed a light trap to examine the flight pattern of grey mountain carpet (Entephria caesiata Den. et Schiff.) between 1978 and 1982 in the Finnish forest areas of Lapland. With the exception of 1978, males dominated the catch, although this dominance was not overwhelmingly high.
Some researchers have published statements of general validity. Novák (1974) has published sex index data relating to 96 species of moths trapped. Depending on the ratio of females, he arranged the species examined into five classes and, within certain limits, he regarded his results as constant. Malicky (1974) also believes that the sex ratio of a captured species is the same over many years through the use of the same source of light at different places of observation; in other words, sex ratio is value specific to a given species. Szarukán (1975) claims that the average proportion of female specimens of the dog's tooth (Lacanobia suasa Schiff.) is 33%. He found minimal difference between the first and second generations. A study in Egypt (Sadek 2001) , found that 8.04% of the female mediterranean brocade (Spodoptera littoralis Fabr.) specimens that had been trapped had not been fertilized, while the ratios of those fertilized once or more than once were 37.25% and 54.76%. The sex ratio of the sulphur knapweed moth (Agapeta zoegana L.) was equal when examined at daytime, but at night the overwhelming majority of the specimens caught by light trap were male. The difference may be explained by the dissimilar reaction of the two sexes to light (Story et al. 2001) . In Switzerland Cordillot -Duelli (1986) noticed that the ratio of females captured by light trap in one generation of European corn-borer (Ostrinia nubilalis Hb.) was 47.3%. The above mentioned authors regard sex ratio as a static value specific to a species, despite the fact that the annual differences in sex ratio are valuable results related to population changes and not statistical deviation data without a biological value (Szeőke -Szarukán 1982) . According to Mohai -Herczig (1979) and also to Lesznyák et al. (1993) , the proportion in percentage of females rises and falls in harmony with the rise and fall of the amount of insects caught in light traps. The latter of the abovementioned authors have found that the ratio of females is affected first of all by the minimum values of temperature. El-Deeb (1992) established that the number of European corn-borer (Ostrinia nubilalis Hbn.) females captured by light trap surpassed that of the males. However, the ratio was affected positively by maximum and minimum temperature, and negatively by relative vapour content.
Some authors have found that both males and females have to be in a certain physiological state to be attracted to sources of light. Terskov -Kolomiec (1966) report that females of the white satin moth (Leucoma salicis L.) can be trapped before egg laying, while those of the gypsy moth (Lymantria dispar L.) in Siberia are more prone to be trapped after egg-laying. This latter bit of information is of special interest because there are no data in literature about how gypsy moth females of the European and American populations fly to light considering that the females there are incapable of flight. In contrast to that females of the gypsy moth (Lymantria dispar L.) population in East Asia do fly (Wallner et al. 1995; Reineke -Zebitz 1998; Charlton et al. 1999) . Females of the European corn-borer (Ostrinia nubilalis Hbn.), on the other hand, may fly to light any time following their emergence from the pupal state (Showers et al. 1974) . Then again, Elliott -Dirks (1979) claim they are trappable in the largest numbers 3.2 -4.4 days after mating. Sathiyanandam -Baskaran (1999) observed that the ratio of females of the groundnut leaf miner (Aproaerema modicella Deventer) in India changed during different periods in the night. The ratio of mated to unmated females also changed. The number of males and females of some caddis fly (Trichoptera) species caught by light traps in New Zealand displayed a definite change in swarming. Males were the majority at the start of the swarming, while females made up the majority at the end (Ward et al. 1996) . Dickler -Steuerwald (1997) found significant differences from one year to the next in the number of specimens as well as in the sex ratio of noctuids (Noctuidae) captured by light traps in apple orchards in Germany.
In the study of Myers et al. (1998) the sex ratio of gypsy moth (Lymanrtia dispar L.) pupae varied strikingly between low-density and high-density populations. Altermatt et al. (2009) experimentally studied the flight to light behaviour of two moth species -the small ermine moth, Yponomeuta cagnagella (Hbn.), and the scorched carpet moth, Ligdia adustata (Den. et Schiff.). They found that male moths were significantly more (about 1.6 times more frequently) attracted to light than female moths. It was established that there is a sexual dimorphism in the flight to light behaviour of moths. Garris -Snyder (2010) investigated and recorded the sex ratio of 28 southern species in the USA. They tested the well-known view that UV light-trap collections of moths are considerably skewed toward males. Twelve species demonstrated a statistically notable male preponderance, but a wide range of sex ratios was found. Two of the 28 species demonstrated significant bias for both males and females during different observation periods, illustrating the need to collect over the entire flight period. Since the sex ratio of collected organisms varies by species and by time, this knowledge must be taken into consideration when using light trap collection to make population estimates and to gather information for conservation or control of any particular species.
According to Tabadkani et al. (2013) appreciation of the proportion of genders of arthropods is a pertinent issue not only in ecological studies and in biological programs, but also in plant protection. In this study, they continued to examine the factors leading to erroneous estimates of sex ratios of insect species. They examined the predatory gall midge, Aphidoletes aphidimyza Rondani (Diptera: Cecidomyiidae), and the results explicitly suggest that direct estimation of the sex ratio in natural populations may be affected by some secondary factors such as differential mortality of sexes, protandry, and differential distribution of males and females over time and/or across habitat.
While they could provide us with important, useful information for everyday practice, there are very few publications reporting on research of this kind. Unfortunately, this kind of research is both time consuming and energy consuming; thus, in the foreseeable future, we cannot expect any major breakthrough in this area.
Researchers have been studying the sex ratio of the insects trapped for decades, but their observations had little practical value for plant protection prognostics. The authors of most studies confine themselves to releasing the figures recording the number of males and females, perhaps even their ratio in terms of percentage of the captured specimens, but they refrain from drawing any conclusions. Admittedly, any such attempt would be a vain endeavour, especially in the case of the data provided by light traps operating for short periods. Whereas if the sex ratio of the populations in the environment shifts in the direction of a preponderance of females and that change is reflected in the catch, a growth in the number of the females trapped might indicate the start of gradation. Therefore, awareness of the regularity of sex ratio transformation may also be used for the purposes of prognosis in the case of species where both sexes fly well to light. Some researchers have published general statements concerning this.
When the sex ratio of an observed species at different observation sites and in different years produces decidedly different values, it would be useful to examine regularities in changes. From the point of view of prognosis, the differences in time have main importance, because they might be related to hypercyclic movement. Our own research revealed a rise of the number of turnip moth (Agrotis segetum Den. et Schiff.) females in the years which were followed by gradation (in years 1962 and 1968) (Nowinszky -Kiss 1981) . It is assumed that the proportion of females affects the number of individuals of future generations. In the year prior to the years of gradation, the number of females increased.
We examined the changes of the number of the females in the turnip moth (Agrotis segetum Den. et Schiff.) population between 1957 and 1990. The light-trap catches of 65 observing stations were used (Kiss et al., 2003) .
It is concluded that over 99 specimens in each generation the ratio of females is 0.38 from all individual number. If the number of individuals is between 5 and 99, the proportion is 0.44. The proportion of females is 0.46 if the number is between 100 and 499; it is 0.38 between 500 and 999. Between 100 and 999 this value is 0.40. For all observing stations, we calculated the female individual proportions and the 95% confidence intervals for them. We established that higher female proportion belongs to the lower individual numbers, but this proportion is close to the feature if individual numbers are high. It was observed that in the year before gradations begin, the rate of females was extremely high in many cases.
MATERIAL
The development of a light trap network began in 1952 in Hungary. The traps were used in research institutes, for plant protection, and for forestry purposes. The three-type light trap network is still working and works with uniformly Jermy-type traps. Over the past decades, the national light-trap network has provided an enormous and inestimable amount of scientific insect material for entomological research and plant protection practice (Nowinszky 2003) .
The Jermy-type light trap (Jermy 1961) consists of a frame, a truss, a cover, a light source, a funnel, and a killing device. All the components are painted black, except for the funnel, which is white. A metal ring holding the funnel and a zinc-plated tin joins the steel frame. The cover is 100 cm in diameter. The distance between the lower edge of the cover and the higher edge of the funnel is 20-30 cm. The light source is a 100W normal electric bulb with a colour temperature of 2900°K. The lamp is in the middle of the trussing, 200 cm above ground. The upper diameter of the funnel is 32 cm, while the lower one is 5 cm, and its height is 25 cm. In each case chloroform was used as a killing agent.
The forestry light traps are operational from 6 p.m. (UT) to 4 a.m. every night of the year, regardless of weather, or the time of sunrise and sunset. The operation is suspended only on days when the temperature is below 0 C o and the ground is covered by an unbroken layer of snow. All the insects trapped during the course of a night go into the same collecting jar and so a single set of data will represent the nightly catch result at the given observation site.
In this study we used the catch data of the Hungarian Forestry light trap network of the Forest Research Institute. The light traps were operating in 16 light trap stations across the whole territory of Hungary. The light trap stations, geographic coordinates and years of operation are presented in Table 1 . For our study, 32 forest phytophagous Macrolepidoptera species were selected from the national forestry light trap network material dating back to the years between 1961 and 1970.
The species were selected based on data available from several light traps over many years. The flying period and primary food plants of caught moths are shown in Table 3 .
METHODS
All species were processed separately, but by the same method. The number of captured males and females was counted for the entire swarming. These were summarized and the difference in level of significance was calculated with χ 2 test. For each swarming we calculated the percentage of males and females. We also calculated the values of the coefficients of variation, which express the deviations in average percentages.
RESULTS AND DISCUSSION
The results are shown in Table 4 . We found the majority of moths collected in light traps are males. This result is true of 29 species from the investigated 32 species. However, the proportion of males and females of each species, and even within the same species, differed greatly during each swarming.
One probable explanation may be the protandry for greater number of males. Cordillot (1989) established that occurrence of the male of the European corn-borer (Ostrinia numilalis Hbn.) in the light trap preceded the females' occurrence by 3.8 ± 1.5 days on average. This phenomenon was named "protandry" by Stockel and Peyelut (1984) . That the females of some species are attracted to light in greater number after mating may be the cause of this. Yathom (1981) found the most frequently light trapped Egyptian bollworm (Earias insulana Boisduval) females mated once. Lopez et al. (2000) found that the overwhelming majority of the females of Mythimna unipuncta (Haworth) flew to light after egg-laying. We also observed the "protandry" phenomenon in the case of the dotted footman Pelosia muscerda Hfn. in Tompa 1970; the male and female ratio is equal with this species. Males and females of both species (Pelosia muscerda Hfn. and Eupsilia transverse Hfn.), are captured nearly in similar number. Cordillot (1989) found that the overall ratio of European corn-borer (Ostrinia nubilalis Hbn.) was found almost the same; of the captured moths, 52.7% were males and 47.3% were females.
Watsoniana cultraria Fabr. is the only one species captured by light traps that showed a significant female majority. We examined 8 swarmings; females outnumbered males in 7 of them. The males of this moth also fly in the sunlight and they can usually be seen among the higher branches of beech trees. This may be a reason why fewer males of this species are captured at night.
For decades it has been known that the proportion of male and female individuals of various insect species caught by light trap tends to differ. This fact proves that the ratio of the various species represented the catch are not the same as the ratio that appears in nature (Kiss et al. 2003) . The reasons for this fact may be many. Flight is difficult for females because of their increased weight due to developing eggs. The males may be more active as they visit the females with the aim of the mating. It is also possible that the males have a greater affinity to light (Waringer 2003) .
